Introduction
Britain has a higher mortality from chronic bronchitis than any other country in western Europe.' This cannot be explained by international differences in environmental influences such as cigarette smoking and atmospheric pollution, nor by differences in death certification practices.2 The excess of urban over rural mortality and morbidity from bronchitis, which is characteristic of Britain, is also unexplained. 3 Reid and others conjectured that respiratory disease in childhood was a cause of chronic bronchitis in later life." Recent findings have shown that bronchiolitis, bronchitis, and pneumonia in infancy lead to persisting damage to the airways during childhood, with cough, wheeze, bronchial reactivity, and impaired ventilatory function.7-'0 In the long term follow up of a national sample of British children MRC Environmental Epidemiology Unit, University of Southampton, Southampton General Hospital, Southampton S09 4XY D J P BARKER, PHD, FRcp, director and professor of clinical epidemiology C OSMOND, Pun, statistician Correspondence to: Professor Barker. born in 1946 young adults who had had one or more lower respiratory infections before 2 years of age had a higher prevalence of chronic cough." 12 There is, however, no direct evidence to link respiratory infection during childhood with clinically established chronic bronchitis in adult life.
We have examined the geographical relation between past infant death rates from lower respiratory tract infection and current adult mortality from chronic bronchitis in England and Wales. We have also analysed the time trends in mortality from chronic bronchitis over the past 40 years.
Methods
The Office of Population Censuses and Surveys made available extracts from all death certificates in England and Wales during 1959-78. Our previous analysis of these data in relation to past infant mortality was based on the 11 years 1968-78,3 the period covered by the eighth revision of the International Classification of Diseases (ICD). For this analysis we added data on four selected causes of death during 1959-67. Mortality rates at ages 35-74 years were calculated for each sex and each local authority area grouped according to boundaries before 1974. For 1%8-78 rates were based on data from the 1971 Census, while for 1959-67 data from the 1961 Census were used. Rates were expressed as standardised mortality ratios. We used published mortality rates'4 for 1941-80 to analyse the time trends of chronic bronchitis and emphysema (ICD codes 106 b,c, 113 (5th revision); 501-502, 527 (6th revision); 501-502, 527.1 (7th revision); 490-492 (8th and 9th revisions)).
In England and Wales numbers of infant deaths by specific cause were published only from 1921, and this analysis is based on the years 1921-5. We divided causes of infant deaths into five groups using Woolf's classification"-congenital, bronchitis and pneumonia, infectious diseases, diarrhoea, and others.
We compared adult mortality with infant mortality in the four main geographical groups used by the Registrar General since 191 1-that is, county boroughs (larger towns), London boroughs, urban areas (metropolitan boroughs and urban districts) within counties, and rural areas. These groups divide England and Wales into 212 local authority areas, comprising 80 county boroughs, 15 London boroughs, 59 urban areas, and 58 rural areas. 3 We used correlation coefficients, regression analysis, and scatter plots to examine the relation between different causes of adult and infant deaths. During 1968-78 there were 25 causes of death for which more than 10 000 deaths occurred in each sex or in the sex usually affected. 17 18 For deaths during the period 1959-67 the coefficients for chronic bronchitis and rheumatic heart disease were again consistently high in the three geographical groups in either sex (table IV) . Those for pneumococcal . us x pneumonia were negative in rural areas, while those for lung cancer were positive only among men in county boroughs. Table V shows the correlations between standardised mortality ratios for bronchitis during 1968-78 and those for rheumatic heart disease, pneumococcal pneumonia, and lung cancer. For rheumatic heart disease correlations were consistently high in each geographical group and in either sex. They were, however, lower than those with infant respiratory mortality.
The statistical dependence of the geographical distribution of chronic bronchitis on geographical variations in past infant deaths from bronchitis and pneumonia and variations in smoking, as indicated by current deaths from lung cancer, is described by the regression equations: standardised mortality ratio for bronchitis in men=0 60 infant death rate+0A41 standardised mortality ratio for lung cancer in men; standardised mortality ratio for bronchitis in women=0-79 infant death rate+0 22 standardised mortality ratio for lung cancer in women. In these equations the mean infant death rate was standardised to a value of 100 and adult death rates during 1968-78 were used. 
Discussion
There was a close geographical relation between adult mortality from bronchitis and emphysema and past infant mortality from bronchitis and pneumonia (figs 1 and 2). Our analyses were based on adult mortality over 20 years and on the whole ofEngland and Wales divided into the 212 areas used by the Registrar General. The correlations between mortality from bronchitis during 1959-78 and infant respiratory mortality during 1921-5 were consistent in both sexes and at all ages in the different geographical groups and throughout the 20 years (tables II-IV). They were remarkably high, particularly in view of known inaccuracies in death certification. From detailed studies of death certification and results of prevalence surveys in Britain it is reasonable to conclude that geographical differences in mortality certified as due to chronic bronchitis and emphysema reflect differences in the prevalence of these diseases.2
Past infant respiratory mortality correlated more closely with current adult mortality from bronchitis than it did with any other common cause of death, or with any other cause ofpast infant death, or with past mortality from bronchitis at all other ages (table I) . No other cause of infant death correlated more closely with bronchitis, though the correlation with measles was similarly high. Adult bronchitis correlated more closely with rheumatic heart disease than with any other leading cause of adult death, but the coefficients were below those with past infant respiratory mortality (table V). A pointer to the possible role of childhood respiratory infection in the causation of adult chronic bronchitis comes from the broad similarity in the international geography and time trends of respiratory disease at different ages.' Migrant studies also suggest lung during the period of rapid growth in infancy has deleterious effects on lung function which persist into childhood. An alternative explanation is that influences such as atopy render some infants more susceptible to symptomatic lower respiratory tract infection and independently determine respiratory abnormalities in later childhood. While this cannot be discounted, recent studies have not shown a relation between atopy and lower respiratory infection in children.9 120
In a national sample of 3899 children born in 1946 and followed up to the age of 20 those with a history of one or more lower respiratory tract infections before 2 years of age had a higher reported prevalence of cough during the day or at night in the winter." This association strengthened after follow up to 25 years.'2 There is, however, no direct evidence linking respiratory infection in early childhood with chronic bronchitis in adults.
Arguably the geographical relation between infant mortality from respiratory infection and adult mortality from bronchitis depends on persistence over the years of geographical differences in the environment related to respiratory disease at all ages. Air temperature is a possible example.' Several determinants of bronchitis, however, act only at certain ages.22 The risk of infant respiratory infection may be reduced by breast feeding2 23 and is increased by overcrowding, the number and age of other siblings, their presence 1275 in the same room at night, respiratory infection among them, and parental smoking.'4--Domestic air pollution may also have an effect on infant respiratory infection, though the balance of evidence suggests that this is small. 26 Among adults cigarette smoking is the main known risk factor.3 Mortality from lung cancer, however, did not correlate consistently with infant respiratory mortality (tables II-TV). This suggests that the geography of smoking differs from that of the determinants of respiratory disease in early childhood. Despite the influence of smoking on adult bronchitis the urban-rural and social class gradients of infant and adult mortality were strikingly similar. When standardised to a value of 100 for England and Wales infant respiratory mortality during 1921-5 declined from 125 in the county boroughs to 98 in the London boroughs, 93 in urban areas, and 70 in rural areas. The corresponding figures for adult mortality during 1968-78 were 122, 113, 96, and 74. Similarly the standardised mortality ratios for infants in 1921 rose progressively from 21 in social class I to 131 in social class V, while standardised mortality ratios for adults in 1970-2 rose from 36 to 188Y2
The close geographical relation between bronchitis and chronic rheumatic heart disease, in contrast with the low correlations with pneumococcal pneumonia (tables II-IV), is further evidence for a strong link between bronchitis and past respiratory infection. Most deaths from bronchitis during 1968-78 at ages 35-74 years occurred among people born before 1921-5, the earliest years for which cause specific infant mortality data were published. Total postneonatal death rates, however, are available from 191114 and may be used as a proxy for respiratory deaths in infants. Respiratory infection is the main cause of postneonatal mortality and was closely correlated with it geographically during 1921-5 (r=0 94). The correlation coefficients between postneonatal mortality and adult mortality from bronchitis during 1968-78 in both sexes were the same (r= 0-83) for postneonatal rates throughout 1911-20 as for 1921-5. This is consistent with a relation between adult bronchitis and respiratory infection in early childhood. Follow up studies of children suggest that this relation is determined mainly in infancy.
We conclude that the close geographical relation between infant mortality from respiratory infection and adult mortality from bronchitis provides strong evidence of a direct causal link between lower respiratory infection in early childhood and chronic bronchitis. The regression equations of adult mortality from bronchitis in relation to deaths in infants and from lung cancer may be interpreted as showing the relative importance of early childhood infection and cigarette smoking in determining the prevalence ofthe disease. They suggest that in both men and women smoking is subordinate. Figures 3 and 4 show that the bronchitis time trends may be partitioned into two components. The cohort component corresponds remarkably closely to that found for lung cancer and may be attributed to the different smoking habits of successive generations ofmen and women. The other component, described by the steeply declining period values, indicates that the age specific rates had fallen progressively since 1941. This pattern is quite different from that found for lung cancer, for which the period values were almost constant, and suggests another cause. The decline in infant bronchitis and pneumonia in the early decades of this centuryn may have determined the subsequent fall in age specific mortality from bronchitis in adults. The steeper fall among women than men is consistent with the lesser contribution of smoking to their mortality. Improved treatment after the advent of antibiotics may have contributed to the decline in both sexes.
The Clean Air Act 1956 was not followed by a change in the rate of decline. This is evidence that chronic air pollution in adult life, as opposed to short episodes of high pollution, may be a less important cause of mortality from bronchitis than previously supposed. A survey ofrespiratory symptoms in a sample ofBritish adults showed that in the absence ofcigarette smoking the influence ofair pollution was small?3 There is suggestive evidence that children exposed to high levels of air pollution may have an incresed risk of serious respiratory disease, but this is not conclusive. One inconsistency is the high rates for respiratory disease recorded in south Wales at a time when air pollution was relatively low. '9 We interpret our findings as strong support for the hypothesis that pulmonary infection during infancy may have persisting effects and cause chronic bronchitis in adult life. Our results throw no light on the nature or site of pulmonary infection except in so far as adult mortality from bronchitis is related to infant bronchitis and pneumonia, to measles, but not to whooping cough. Recent findings have shown that apart from bronchiectasis, which is no longer common, whooping cough is not followed by persisting abnormalities of lung function in childhood.03 ' We have previously suggested that the geographical distribution of ischaemic heart disease in England and Wales reflects social conditions in the early years of the century that adversely affected childhood nutrition.'3 We now conclude that the high mortality from chronic bronchitis in England and Wales, especially in the towns, is another legacy of poor social conditions which led to high rates of respiratory infection in young children. Particular adverse influences which have been implicated include abandonment of breast feeding, inadequate housing, large family size, and overcrowding in the home.
